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Two methods of potentially improving the detection 
and assessment of breast cancer vasculature by color 
flow Doppler ultrasonography were studied. Use of 
continuous wave (CW) Doppler imaging was one 
method evaluated by a comparison of system sensitiv· 
ity to small vessel flow by continuous wave and pulsed 
Doppler methods. The second technique demonstrated 
color flow image acquisition and three-dimensional 
(3D) display. Six breast cancer patients were examined 
A n evaluation of tumor blood flow character· istics is usually an important, although not definitive, component of cancer diagnosis. 
This is true in computed tomography (CT), during 
which large amounts of simple iodinated contrast 
agents are injected for most examinations related to 
soft tissue neoplasia. Information is obtained about the 
vascularity, necrosis, and, possibly, leaky vessels, and 
this usually gives an adequate basis for a decision on 
whether to perform a biopsy. It is clear that vascularity 
related properties are diagnostic indicators, but 
questions remain about their value when weighed 
against the costs and risks of measurement techniques. 
This is particularly true in the breast, where minimal 
tissue penetration requirements and the high tumor 
contrast usually provided by calcifications and fatty 
tissues make mammography relatively effective among 
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with both a color flow pulsed system and a CW Dop-
pler system employing a hand-held transmitter·re-
ceiver pair with crossed·beam patterns. The CW unit 
consistently revealed more regions of tumor flow and 
multidirectional flow. Good 3D displays were achieved 
on larger pulsatile vessels, from images obtained during 
systole and selected for minimal noise. KEY WORDS: 
Ultrasound, Doppler studies; Breast, ultrasound stud-
ies; Breast neoplasms. 
noncontrast radiography procedures. Previous work on 
angiography of carcinoma of the breast1 demonstrated 
abnormalities in the vascular architecture associated 
with malignant breast lesions. Abnormalities included 
tumor stains, irregular and large caliber vessels, and 
either prolonged or rapid emptying of contrast agent, 
presumably owing to leaky vessels and arteriovenous 
shunts. These findings have been found primarily in 
relation to malignancy and were relatively absent in 
benign lesions and very rare in normal patients. More 
recent preliminary work, using CT2 and digital sub-
traction angiography,3 consistently demonstrated re-
tention of contrast material and abnormal vasculature 
in malignant breast lesions. Such work suggests that 
the use of a Jess invasive technique, such as Doppler 
ultrasonography, to evaluate flow abnormalities for the 
purpose of detecting breast cancer could have practical 
clinical value. 
Specific Doppler changes in breast cancer have been 
widely reported in studies using 10 MHz CW Doppler 
probes.4- 6 Such changes have included a multiplicity 
of vessels with multidirectional flow, resulting in high 
Doppler power over the whole range of observed Dop· 
pier frequencies and flow at relatively high velocities, 
presumably due to enlarged vessels and arteriovenous 
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shunting and relatively high diastolic flow. Although 
the specificity was high for cancer diagnosis, the sen-
sitivity with any reasonable amount of scanning time 
and operator training was, or was expected to be, 
clinically unacceptable for nonpalpable lesions. Jellins 
began the movement away from a hand-held single 
beam by using 10 MHz Doppler in combination with 
imaging on a water path scanner.7 This allowed Dop-
pler assessment of lesions identified on the pulse echo 
images and resulted in 933 correct identification of 
previously identified malignant masses. It should be 
noted, however, that most, if not all, Doppler studies 
published to date have been on women in whom there 
was a high suspicion of cancer and the lesions were 
relatively large. A long discussion of sensitivities and 
specificities achieved in the various studies is not nec-
essary here, however. Additional developments are 
clearly needed, as the studies have not been over-
whelmingly convincing to the breast care decision mak-
ers. Doppler ultrasonography is not used routinely in 
most breast cancer diagnosis, and gray scale imaging 
plays primarily a simple role of solid-cyst differentia-
tion. Improvements in detecting tumor vasculature and 
assessing its morphology, as addressed here, might 
help expand the role of ultrasonography through more 
frequent assessment of breast tumor vascularity. 
Researchers using color flow imaging have already 
claimed that the technique is more promising for prac-
tical Doppler evaluation of the breast than traditional 
hand-held CW images.8" 111 Our own work8•9 not only 
indicated a potential role for use of such instruments 
in the diagnosis of breast cancers but also suggested 
that with only modest increases in sensitivity, a Dop· 
pier flow imager could display the small vessels said 
to give signals characteristic of malignant lesions. Ef-
fects of various vasoconstriction techniques on the flow 
in these vessels also were detected. Although Cosgrove 
and associates10 were quite confident about the color 
flow technique in human breast cancer, our own ex-
perience with the same (5 MHz) color flow scanner 
and a d;fferent color flow system with 7.5 MHz Dop· 
pier was that the sensitivity to small vessel flow needed 
to be increased to achieve the excellent results previ-
ously reported with 10 MHz CW systems. In addition, 
considerable difficulties also exist in evaluating small 
vessel flow quantitatively and objectively from the 
information usually extractable from two-dimensional 
color flow images. Sampling at regular intervals in 
space and in the cardiac cycle requires great care as 
well. All of these difficulties can be addressed by 30 
scanning as we have done here . 
It is difficult to assess the shape and extent of vas-
culature when normal vessels and tumor vessels of 
similar size are not visualized over much of their 
length. In most patients, the deeper vessels of normal 
size are seen only occasionally as small segments, 
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where the signal attenuation due to beam aberrations 
as well as absorption and diffuse scattering are mini-
mal. Because a CW system could be adapted to fast 
color flow imaging, 11 we first performed a comparative 
study using an older CW system and a pulsed color 
flow system to determine whether system signal sen-
sitivity to small breast vessels really was significantly 
higher with the CW system. 
Even when Doppler sensitivity is adequate it often 
is difficult to fully utilize the shape distortions of tumor 
neovasculature from normal, particularly if the radiol-
ogist is not personally available to perform an extensive 
color flow examination. Figure lA shows a typical 
appearance of a relatively large, superficial, normal 
mammary vessel captured in longitudinal cross section. 
Jt may be distinguished easily from the highly vascular 
breast cancer depicted in Figure 1 B; but not from the 
vessels of many carcinomas that may be visualized 
only as one or two small vessels or as a very short 
length of a vessel.9 Such a small vessel segment was 
the only vasculature observed in a 1 cm intraductal 
carcinoma in a different quadrant of the same breast 
as that depicted in Figure 1 A. It was hypothesized that 
if the breast vasculature could be displayed clearly in 
30, the anatomic pattern of neovasculature would be 
notably different, both visually and quantitatively, 
from normal vascular branching patterns. We report 
here our initial demonstrations of 3D color flow images 
of small, pulsatile vessels. 
METHODS 
CW-Pulsed Wave Sensitivity Comparison 
Six women with palpable breast masses and mammo-
grams suggestive of malignancy were scanned prior to 
surgical biopsy after obtaining informed consent. The 
CW-pulsed wave comparison was performed with a 
Dopscan Model 150 CW Doppler system (Carolina 
Medical Electronics, King Carolina) employing fixed, 
hand-held transducers, for a comparison with a color 
flow Doppler system (Acuson Model 128, Mountain 
View, CA) using a 7.5 MHz linear array, Model 7384, 
operated in Doppler mode at 5 MHz. All patients were 
scanned in the supine position, sometimes with the 
ipsilateral arm raised above the head. Power levels for 
each examination were noted to be at •standard· (i.e., 
maximum) power settings. The slow flow setting was 
employed, and the other usual user settings were ad· 
justed to maximize detection of the small breast vessels. 
The area of interest was localized by palpation and 
visualized initially by gray scale, after which the color 
flow feature was employed for visualization of vessels 
(peripheral, adjacent, and feeders when possible). 
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Figure 1 Color flow images of breast vasculature. A, Normal appearing superficial vessel. B, Extensive neovasculature around 
the periphery of a large, infiltrating ductal carcinoma. 
Spectra of representative arterial flow were recorded 
and spectral measurements were performed. 
The final portion of the examination was performed 
with the Dopscan Model 150 CW unit. An angle-
adjustable transducer pair, depicted in Figure 2, and a 
Carolina Medical 10 MHz ·split D" pencil probe were 
utilized during the examination. The first portion of 
the CW examination was performed with the split D 
probe, followed by examination and spectral recording 
with the V-shaped angle adjustable pair. All spectra 
were measured for the various qualitative and quanti-
tative features listed in Table 1. The first four measures 
are explained adequately in the table. In measures 5 
and 6 and elsewhere we use the term '"Doppler spec-
trogram" or "time spectrogram• as a refinement to the 
usual terminology. A Doppler spectrum should refer to 
a plot of Doppler signal power as a function of fre-
quency. When signal power is represented by color or 
gray scale, on a Doppler frequency axis, and those 
spectra are a function of time along the second axis (as 
is normally done), that constitutes a time spectrogram 
or time-frequency distribution. 
Figure 2 Transducer holder and arrangement for CW Dop-
pler tomography. 
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The spectral measures described were chosen to test 
whether the spectral flow properties reported previ· 
ously to be characteristic of cancer were present in 
these CW studies and to assess whether the analogous 
measurements on pulsed Doppler spectra would track 
with the CW measures in a way that might be indica-
tive of blood flow properties in cancer. 
The term sensitivity is not used here in the most 
rigorous clinical trials definition but rather as system 
sensitivity represented by small vessel detectability 
(i.e., the relative number of small vessels, over a range 
of depths in the breast, which are imageable or yield a 
spectrum of reasonable signal-to-noise ratio). An over-
all subjective sensitivity comparison was also given as 
the system operator's impression of Doppler signal 
strength and its spatial and temporal extent. These are 
clinical measures related to the controlled physical 
measurements of Doppler system sensitivity to small 
vessel flow and of clutter dynamic range. The former 
physical measurement provides the system signal-to-
noise ratio for a small vessel, with minimal surrounding 
stationary echoes and obtained as a function of range 
and overlying attenuation coefficient. The latter gives 
the maximum ratio of stationary reflection to detectable 
Doppler signal. 
The eighth measurement tabulated in Table 1 was 
an estimate of whether the power in the spectrum was 
in a thin curve, as would be expected in a CW spectro-
gram for uniform (or plug) flow, or whether it was 
spread from high to minimum frequency shifts, 
weighted toward the low frequency shifts, as would be 
expected in CW spectra for sample volumes containing 
flow in a wide range of directions. Measurement num-
ber 9 was very similar, with a value in an ideal spec-
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Table 1: Properties Measured from the Pulsed Doppler Color Flow Images and 
Spectrograms and the CW Doppler Spectrograms 
Property 
1. Number of vessels observed in the area of the 
tumor 
2. Tumor depth 
3. Vessel location relative to the tumor 
4. Vessel location- relative radial distance from the 
tumor center 
5. Peak systolic Doppler shift (peak value of the 
envelope of the absolute value of the Doppler 
spectrogram) 
6. Minimum diastolic Doppler shift (minimum value 
of the envelope of the absolute value of the 
Doppler spectrogram) 
7. Resistive index 
8. Estimated relative power in the high and low 
velocity portions of the observed power spec· 
trum; when different estimates were obtained 
for different vessels, they were reported 
9. Largest percentage of spectral energy with either 
a positive or a negative frequency shift (polarity) 
10. Subjective CW apparent Doppler sensitivity ver-
sus color flow imaging 
11. Subjective CW apparent Doppler sensitivity ver-
sus pulsed Doppler spectra 
trogram of 1003 if all the flow were away from or 
toward the transducer and a value of 503 in a CW 
spectrogram if it were split equally in the two direc· 
tions. 
We should note that spectral measurements do not 
necessarily have the same meaning in pulsed Doppler 
spectra (actually time spectrograms), as in true CW 
time spectrograms, in which signal power is repre· 
sented by brightness or color as a function of frequency 
and time. In pulsed Doppler spectrograms, multiple 
samples of the mean frequency are acquired in each 
time window and plotted as a function of time. 11 The 
vertical spread of points in any time window represents 
the variation in the mean frequency shifts, due to 
electronic and speckle noise and actual changes in 
average reflector motion in the sample volume over 
the short time period. Thus, the degree to which his-
toric spectral measures of turbulence and other multi-
directional flow from CW studies can be translated 
directly to pulsed Doppler studies is not clear to us. 
3D Color Flow Imaging System 
For 30 color flow mapping of tumor vasculature, a 
linear array of a different color flow imager (Quantum 
Quad 1,. Siemns Quantum lssaquiah, Washington) 
Criteria 
Rated as 0, l, or multiple 
Tumor distance from the skin on the sonographic image 
5, superficial; L, lateral; D, distal; P, posterior; M, medial; 
C, combination or removed from tumor; NO, not ob· 
served 
P, in tumor periphery; A, adjacent to tumor; W, well 
outside tumor; I, in tumor core; NO, not observed 
Peak systole: 1,000 times the peak Doppler shift (f) as a 
fraction of the ultrasonic beam center frequency (f.,) 
Minimum diastole: 1,000 times the minimum Doppler 
shift (f) as a fraction of the ultrasonic beam center 
frequency (fa) 
Doppler shift ratio: (Peak systole - Minimum diastole)/ 
Peak systole 
5, Power clearly in the high velocity portion as in uniform 
flow; 4, power more in high velocity; 3, mixed; 2, power 
more in low velocity; 1, power clearly in low velocity 
portion of the spectrum, as would be observed, at least 
with CW, in turbulent or multidirectional flow 
SO to 100% 
Graded from S, Clearly higher to 1, clearly lower 
5, Clearly higher; I, dearly lower 
was interfaced to a position-encoding scanning arm as 
illustrated in Figure 3. Both the 7.5 and 5 MHz linear 
arrays were evaluated. The color flow imager provided 
a digital image recording mode on its video cassette 
recorder (VCR). An audio frequency signal was ampli-
tude modulated by potentiometer Pl in proportion to 
the linear position of the scan head. That signal was 
Figure 3 Recording system for color flow images and four· 
axis position signals. For these initial studies, only the linear 
translation signal from potentiometer Pl was recorded, with 
axes 2 and 4 locked during scanning to maintain parallel 
slices. 
Quanlum 
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recorded in an audio channel of the VCR. This allowed 
data acquisition in real time for minimum possible 
examination time. Essentially linear scanning was em-
ployed for these demonstrations, but in the future, the 
full 3D position and orientation of the scan head can 
be recorded by applying different frequencies to each 
of the remaining three scan arm potentiometers and 
mixing the signals before recording. 
Digital transfer of images from the digital video 
cassette and scanner to a portable, personal computer 
(PC)-compatible, data acquisition computer was per-
formed at a convenient time after the examination. The 
off-line processing is diagrammed in Figure 4. The 
position signal was digitized and monitored by a Na-
tional Instruments board and software in the data 
acquisition computer, and the color flow scanner was 
automatically frozen in the cine loop mode after the 
scan plane had moved by a selected distance. The 
software can resolve the amplitude of four mixed sig-
nals by Fourier analysis. Because the linear scans had 
been performed at a slow rate, less than one half of 
the expected plane separation per second, an image 
within a small number of frames of the stopping place 
could be chosen visually for maximum apparent flow 
(local systole). The set of images selected during local 
systole and exhibiting a minimum of random color 
flow noise were then transferred to a Stellar 3D graph-
ics workstation and displayed by one of several net-
works programmed in the Advanced Visualization Sys-
tem (AVS). One display method used rays traced 
through the 3D volume of data at selected orientations. 
Brightness, hue, saturation, ray attenuation and opac-
ity, and other characteristics were assigned as a func-
tion of gray scale pulse echo amplitude and Doppler 
color (frequency shift signal). A second useful display 
method combined up to three orthogonal slices through 
the data set, usually showing the gray scale as well as 
the color flow data in those planes. Color flow data 
outside those planes was displayed as a shaded surface 
Figure 4 Image and position signal data transfer and dis-
play processing systems. Only one readout axis was em-
ployed in this study. 
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of connected polygons, with no color change for var-
ious flow velocities. 
The system was evaluated on a test object (Radiation 
Measurements, Model 425, Middleton, WI), on three 
normal volunteers, and on one rabbit with a VX-2 
carcinoma, consisting of three nodules from 1 to 5 cm 
across, located in its thigh. 
RESULTS 
CW-Pulsed Wave Sensitivity Comparison 
Mammographic and histologic information for the six 
patients with carcinoma is summarized in Table 2. Four 
of the six neoplasms were under 2.5 cm in diameter. 
As shown in Table 3, the CW spectroscopy system was 
observed to be more sensitive to the tumor vasculature 
for almost all measurements. More areas of flow were 
observed with CW (e.g., one or more vessels were 
observed with CW in two cases in which color flow 
imaging revealed no flow near the tumor). The average 
minimum distance from the skin surface along the path 
followed for the CW examination was 1 cm. In the 
three cases in which meaningful pulsed Doppler spec-
tra could be obtained, mean frequency shifts in kHz 
per MHz ultrasound frequency were quite similar for 
the CW and the pulsed systems. At the time of peak 
systolic frequency shift, these ratios (Doppler shift fre-
quency in kHz per MHz ultrasound frequency) were 
1.76 and 1.63 for CW and pulsed wave, respectively, 
and 0.60 and 0.60 at the time of minimum diastolic 
frequency shift. In half the cases, adequate spectra 
could not be obtained with the pulsed system to make 
these measurements. The resistive index was essen-
tially the same with both Doppler systems. 
Both Doppler systems gave approximately the same 
medium result (3 or 4) on measurement 8. That relative 
distribution of spectral power between high and low 
velocities was for the largest areas of flow in the three 
subjects for whom results could be obtained with the 
pulsed Doppler. However, in the areas of weaker signal 
in two of these subjects, and in the other three subjects, 
the CW system spectra showed a greater proportion of 
low frequency shifts. In measurement 9, the percentage 
of spectral power in the main polarity, the results with 
the CW system uniformly indicated more omnidirec-
tional flow. Overall subjective observations of the ul-
trasonographer performing the examinations were that 
the CW system was more sensitive (4 on a scale of 5) 
in detecting tumor flow than either the color flow 
imaging or the pulsed Doppler spectral analysis. 
30 Color Flow Imaging Results 
The excellent display achieved for pulsatile flow with 
two different 3D visualization methods is reflected to 
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Table 2: Mammographic and Histologic Data for the Six Breast Cancers 
Mammographic Data 
Subject Age Breast Involved Tumor Location Maximum Tumor Final Diagnosis No. (yr) Density Breast Diameter (cm) Calcifications 
1 71 Fatty Left Upper outer quadrant 
2 44 Mixed Right Upper inner quadrant 
3 48 Fatty Right Upper outer quadrant 
4 62 Mixed Right 12 o 'clock position 
5 70 Fatty left 12 o 'clock position 
6 46 Mixed Left 12 o'clock position 
some extent in the color photographs in Figures S and 
6. Even more revealing for images of complex vascu-
lature js rotation of the volumetric display on a monitor. 
Figure 5 shows two displays of flow data obtained by 
scanning a Radiation Measurements Model 425 Dop-
pler flow phantom every milUmeter with the experi· 
mental system described in Figures 3 and 4. Figure SA 
2.5 Yes Invasive and intraductal carcinoma 
4 No Invasive and intraductal carcinoma 
5 Yes lnvasive/adenocarcinoma 
1.5 No Invasive ductal carcinoma 
2.5 Yes lntraductal carcinoma 
1 No Invasive and intraductal carcinoma 
is a two-dimensional projection of the 3D data in which 
the depth cue is obtained by decreasing the gray scale 
pixel brightness as a function of depth (termed .. opac• 
ity .. ) along a line of site. The color pixels representing 
flow are made completely opaque to maintain maxi-
mum flow information. The small dropouts in the 8 
mm diameter simulated vessel of the test object prob· 
Table 3: Acoustic Data for the Six Breast Cancers 
Property 
Subject Number 
1 2 3 4 
Color Flow Pulsed at S MHz 
l. Number of vessels Mult Mult Mult Mult 
2. Tumor depth (cm) 2 1 0.5 1 
3. Vessel location S,M S,L,M S,L,D,M S,L 
4. Vessel radial distance P,A,W P,A P,A,W P,A 
5. Peak systole (1,000 f/ - 1.73 2.21 1.35 
ft1)• 
6. Minimum diastole - 0.74 0.77 0.29 
(1,000 f/ f11)* 
7. Resistive index 0.57 0.63 0.77 
8. Power spectrum at high - 3 3 3-4 
or low velocity 
9. Percentage in main po- - 90 95 98 
Jarity 
10. CW sensitivity versus 4 4 3 3 
color flow 
CW atlO MHz 
1. Number of vessels Mult Mult Mult Mult 
2. Tumor depth (cm) 
3. Vessel location S,M S,L,M L,M S,L 
4. Vessel radial distance P,A P,A P,A,W P,A 
5. Peak systole (1,000 f/ 0.80 1.28 2.33 1.28 
fo)• 
6. Minimum diastole 0.30 0.45 1.00 0.34 
(1,000 f/fo)• 
7. Resistive index 0.63 0.65 0.56 0.73 
8. Power spectrum at high 1 3,2 4,3,2 3 
or low velocity 
9. Percentage in main po- 83 60 71 63 
Jarity 
11. cw sensitivity versus 5 3 3 
pulsed Doppler spectra 
• f and fo are the Doppler and center frequencies, respectively. 
Dashes = not available. 
5 6 
0 0 
0.5 1 
NO NO 
NO NO 
5 5 
Mult Mult 
S,L,D,M L 
P,A p 
1.72 1.02 
0.47 0.34 
0.72 0.67 
1 2 
54 60 
5 5 
Mean 
1.76 
0.60 
0.66 
9.4 
4.0 
1.41 
0.48 
0.66 
2.3 
6.5 
4.2 
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A B 
Figure S Three-dimensional representations of images taken of a Doppler flow phantom using a two-dimensional projection 
with opacity shaded gray scale (A) and an isosurface rendering of flow with orthogonal gray scale slices (B). 
ably would be eliminated by operating the scanner in 
a peak-detect (persistence) mode with appropriate in-
tegration time. This should usually be worthwhile even 
though noise would be increased somewhat. 
Figure SB is obtained using an isosurface rendering 
in which transitions between gray scale and color are 
used to define points on a color surface and artificial 
shading is added as a depth cue. In addition, orthogo-
nal slices are selected from within the data set to 
present the gray scale information from those planes. 
The predominantly blue flow is in a simulated vessel 
whose depth is changing within the phantom. A con· 
striction in this tube is revealed by a shadow in the 
pulse echo plane that approximately bisects the vessel. 
Note also that in Figure SA this constriction can be 
seen as a narrowing of the tube along with turbulence 
or recirculation to the left of the constriction displayed 
as a mix of red and blue colors. The color scale in 
Figure 6 Three-dimensional images of a VX2 carcinoma in a 5 x 6 x 5 cm volume of a rabbit thigh. All out-of-plane, blue 
coded color has been removed from the images on the right to clarify vascularity of a given flow direction. In the lower right 
image, two of the orthogonal planes have been removed to reveal several adjacent pixel groupings, such as the one indicated 
by the pointer, which represent vessels whose path probably would not often be delineated without 30 display. 
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Figure SA goes from dark blue to blue-white and from 
dark red to red-white for low to high positive and 
negative Doppler shifts, respectively. Fairly high Dop· 
pier shifts are shown in the constriction and to the 
right of it. The relative lack of high frequency shifts to 
the left of the constriction may be due to the color flow 
imager displaying each sample volume's mean fre-
quency shift in the turbulent flow region to the left of 
the constriction. This frequency shift information is not 
presented in the threshold-detected isosurface render-
ing of Figure SB. 
The isosurface rendering technique is used again in 
Figure 6 with a variety of viewing angles and with 
differing amounts of information displayed. This figure 
of a rabbit VX-2 carcinoma in the thigh is particularly 
impressive, not only for the clear representation of the 
overall vascular anatomy but also for the display of 
small vessels as sparse, curvilinear traces of pixels, 
vessels whose orientations usually would not be re-
vealed in conventional color flow images. This example 
might be more impressive if a larger area had been 
scanned, showing the vessel geometry coming into this 
complex shell of vessels. 
DISCUSSION AND CONCLUSIONS 
The detection of an increased number of small vessels 
with the CW system and the operator's subjective 
impression of increased CW flow detection sensitivity 
compared with either the color flow image or pulsed 
Doppler spectrum was consistent with results in a 
recent paper12 comparing a hand· held CW system with 
a color flow imager. In addition to aJlowing detection 
of more vessels or flow locations, the CW system 
appeared to be more sensitive in measurements 8 
(breadth of the Doppler spectrum) and 9 (bidirection-
ality) with respect to the type of small-vessel, multidi-
rectional flow loci reported to be characteristic of breast 
cancer.4 Increased bidirectionality in cancer was ob-
served by White and Cledgett13 but not by Bums4 or 
Madjar et al.1·2 The relative CW-pulsed wave sensitivity 
to multidirectional flow could also be the result of the 
extended sample volume with the CW transducer sys· 
tern, even with the crossed transmitter and receiver 
beam patterns. A reduction in resistive index, which 
might have been expected for the small-vessel cancer 
signals, was not seen. Similarly, Madjar and 
coworkers12 did not see a change in the systolic·dia~ 
stolic frequency shift quotient and Bums and 
colleagues4 did not see a change in pulsatility index 
between normal and malignant breast vascu]ature. This 
degree of inconsistency in the literature suggests that 
the tumor characteristics easily observable with avail-
able equipment are not entirely consistent or charac-
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teristic themselves. However, we believe that visuali· 
zation and characterization of vascular abnormalities 
or of the vascularity of suspected lesions might well 
prove useful eventually in breast cancer diagnosis and 
even detection. 
This small, preliminary CW-pulsed wave compari-
son is valuable mainly as an incentive for a larger study 
or direct development of a CW scanning system that 
can conveniently and rapidly be used to study sus· 
pected regions in the breast at higher flow detection 
sensitivity. This would allow more meaningful clinical 
trials of tradeoffs between sensitivity and spatial reso-
lution. Range resolution in the CW scanner would be 
provided by crossing the transmit and receive beams.14 
Three-dimensional display of the color flow data 
appears promising for display of the vascular anatomy 
to aid visual detection of abnormal vascular morphol-
ogy. In a hypervascular case, as in Figures 18 and 6, 
there is no question that a lesion with abnormal vas· 
cularity is present during color flow scanning or from 
two-dimensional color images therefrom. In Figure 6, 
small traces of color dots are seen that, in 30, may be 
observed curving around the lesion and that could not 
be easily linked to each other in the color flow digital 
videotapes as representing the same vessel. This im-
proved detectability of small vessel structure should 
aid diagnosis in some cases. Having the pulse echo 
slice information combined with the vascular mor-
phology also provides increased confidence that a vas-
cular anomaly is associated with a lesion and not just 
dysplasia. However, we suspect also that some of the 
main, normal vessels in a significant fraction of human 
breasts are probably below the threshold for consistent 
color flow display of their morphology by current color 
flow scanners with any display method. Therefore, if 
the sonographer wishes to detect structural deviations 
that would occur in the vicinity of many small lesions, 
an improvement in the Doppler sensitivity would prob-
ably be required to make an effectively complete map-
ping of the vascular tree. It remains to be determined 
how many cases are in each category, whether Doppler 
sensitivity can be improved electroacoustically or with 
contrast agents, and what the role of vessel morphol-
ogy will be, given the promise of fast, inexpensive 
examinations. 
Storage of the data slices in their true 30 orientation 
also will allow more accurate quantitative analysis of 
the vascularity, from simple volume fractions of de-
tected flow as described by Cosgrove and associates, 10 
to more complex morphologic measures such as the 
fractile dimension of the vasculature. •' There are some 
advantages to real time imaging of vascularity in two 
dimensions compared with a typical 3D volume set. 
The human observer, if patient, can filter real flow 
signals from noise by their temporal behavior. Three-
J Ultrasound Med 11:377-385, 1992 
dimensional processing with most available equipment 
also is slow at present. It might be expected that most 
of the limitations of 30 display can be overcome with 
advances in visualization science and development of 
specific applications. 
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